The use of statins in secondary prevention of cardiovascular events is well established. However, there is ongoing discussion about the use Positive impacts on diseases like stroke, Alzheimer's disease or osteoporosis are discussed but still have to be proven.
Objectives
The aim of this report is first to investigate the efficacy and effectiveness of statins in primary prevention of cardiovascular and non-cardiovascular events and second to examine the economic implications for Germany -particularly in comparison to existing prevention programs. Finally ethical questions are considered.
Methods
A systematic literature search was performed for the period between 1998 and 2004 which yielded 3704 abstracts. Overall 43 articles were included for assessment and 167 for background information, according to predefined selection criteria.
Results
Most studies within the context of primary prevention describe significant risk reductions with regard to cardiovascular events; yet no significant results according to the reduction of the overall mortality rate can be seen. With respect to stroke, osteoporosis and Alzheimer's disease results are inconsistent. Regarding cost-effectiveness of primary prevention with statins results turn out to be inconsistent as well or even negative for populations with low to moderate risk. For groups with high cardiovascular risk the intervention is mostly assessed to be cost-effective. No cost-effectiveness study for Germany was found. According to a rough estimate of future expenses statin drug expenses of the German legal health insurance might increase at least by 50% in the case of an enlargement of the group of recipients.
Discussion
To thoroughly estimate the cost-effectiveness of the use of statins in primary prevention in Germany a model calculation including all relevant parameters has to be done. Moreover -from the economic as well as from the ethic point of view -one of the most important issues in primary prevention therapy is the question of compliance. The amount of risk reduction seen in primary prevention studies can be achieved only if patients as well as doctors follow therapeutic instructions and medical guidelines (as for example the guidelines of the "Adult Treatment Panel III", the "European guidelines on cardiovascular disease prevention in clinical practice" or the guidelines of the German Association of Cardi-ology and of the "Arzneimittelkommission der deutschen Ärzteschaft für Koronare Herzkrankheit").
Conclusion
For (primary) prevention of cardiovascular diseases the use of statins as suggested in guidelines is recommended -provided that these guidelines are scientifically evaluated at regular intervals. Regarding stroke, osteoporosis and Alzheimer's disease definite conclusions cannot be drawn at present. Particular attention has to be paid to the problem of compliance both in statin-therapy as well as in alternative therapies. The cost-effectiveness of primary prevention with statins mainly depends on the development of statin prices. 
Zusammenfassung Einleitung

Executive Summary
Background
In developed countries coronary heart diseases are one of the major causes of death. 1999 seventeen per cent of patients in the inpatient sector in Germany have been hospitalised as a result of an affection of the cardiovascular system. 64,218 Germans died of a heart attack in the year of 2002. Cardiovascular disease prevention can be achieved either by lifestyle changes or drug therapy. Basically primary and secondary prevention as well as specific and non-specific prevention can be distinguished. In primary prevention risk factors are treated when there is no disease present, whereas secondary prevention aims at inhibiting consequences or recurrence of illness. Specific prevention focuses on strictly selected groups of patients or persons. Recommended guidelines for the primary prevention of cardiovascular diseases (e.g. the Third Report of the National Cholesterol Education Program Expert Panel (ATP III), the guidelines of the German Association of Cardiology, the therapeutic recommendations of the "Arzneimittelkommission der deutschen Ärzteschaft für Koronare Herzkrankheit" as well as the "European guidelines on cardiovascular disease prevention in clinical practice") at present primarily aim at life-style changes. If no success can be seen cholesterol lowering drug therapy -besides other measures -is advised.
Objectives
The aim of this report is first to investigate the efficacy and effectiveness of statins in primary prevention of cardiovascular and non-cardiovascular events. Secondly economic implications for Germany will be examinedparticularly in comparison to existing prevention programs. Finally ethical questions will be considered.
Medical assessment
The individual risk of experiencing cardiovascular events within the next ten years can be determined with the aid of the concept of "global risk". In this concept individual cardiovascular risk is determined according to certain risk factors like overweight, high blood pressure, lipid dysfunctions, diabetes mellitus, metabolic syndrome, age or sex -independent of patient history. Most recent studies as well as therapeutic guidelines refer to this concept of global risk rather than to previous definitions of primary and secondary prevention. The "Arzneimittelkommission der deutschen Ärzteschaft für Koronare Herzkrankheit" implemented the PROCAM-Risk-Score in its guidelines for the prevention of coronary heart disease, which is based on the data of the Prospective Cardiovascular Münster (PROCAM-) study.
Methods
A systematic literature search was performed in 30 international databases for the period of January 1998 to 2004 which yielded 3704 abstracts. The research strategy included medical, economic as well as ethic and juridical search terms. Eleven publications were added through hand search in reference lists and internet research. Overall 43 articles were included for assessment and 167 for background information, according to predefined selection criteria.
Results
There is no doubt about a correlation between coronary heart disease and the cholesterol level. Studies prove that statins reduce "bad" Low-Density-Lipoprotein (LDL-C) and increase "good" High-Density-Lipoprotein (HDL-C). As statins also have pleiotropic effects adverse effects may occur. These effects may partly be desired. As a result such "adverse events" the risk of stroke can be lowered. This is shown in several statin studies which originally were planned to study the therapeutic effects on coronary heart disease. In principle, also a connection between stroke and LDL-C-level can be found. However previous studies could not prove effects to the extent that was shown for the use of statins in the prevention of coronary heart disease. As positive effects are proved the use of statins for specific primary prevention of cardiovascular diseases -as suggested in guidelines -is recommended. With regard to safety, statins -according to present knowledge -can be seen as safe as long as attention is paid to metabolism of each medicament in case of co-medication. Diabetes mellitus type 2 is an important risk factor for the development of coronary heart disease. In general patients with diabetes mellitus type 2 should be treated as high risk patients and should take statins for lipid profile modification. Nevertheless, also when taking statins, the risk of suffering from coronary heart disease for patients with diabetes remains high. Regarding the prevention of osteoporosis study results are inconsistent. The use of statins in the primary prevention of osteoporosis cannot be recommended. Large patient cohorts treated with statins show lower incidences of dementia in several reports. Moreover dementia was shown to be linked with lipid metabolism. However until now there is no direct proof that statins have positive effects in the prevention of dementia.
Economic assessment
The most important outcome parameters of cost-effectiveness-analysis -these are costs per life-years-gained or per quality-adjusted-life-years respectively -are compared. The term "life-years-gained" represents the number of years the treatment group outlives the control group. The term "costs per quality-adjusted-life-years" also takes into account the quality of the life-years gained.
Methods
Different search terms for statins, prevention and disease were linked with economic terms (such as cost-effectiveness, cost-benefit, economics, evaluation). At the end of the selection process eleven studies remained for the economic assessment and 26 studies were included as background literature.
Results
The economic evaluations, which were identified through the literature search, refer to the United States, Canada, the Netherlands, Great Britain and Belgium. For the calculation of the cost-effectiveness-ratio, different parameters were included in each study. Results for the cost-effectiveness of statins show a heterogeneous picture. The range of published cost-effectiveness values per life year gained in primary prevention varies from € 7800 (for the cheapest statin in Great Britain) to approximately € 51,000 (on basis of a Dutch study which assumes rather low effectiveness). Overall agreement can be found that treatment of high risk groups is cost effective. For populations with lower coronary risk cost-effectiveness results are inhomogeneous and show a broad range. There was no cost-effectiveness study for Germany. A rough estimate was done to assess the future expenses in Germany in the case of an enlargement of the group of patients receiving statins to include low risk patients. At present costs of drugs per year per patient can be estimated to amount to € 460. When the group of patients receiving statins is extended to include patients with an annual coronary risk of one to three per cent (and assuming current drug prices) the annual statin drug budget of the social health insurance would increase by 50% to 80% (which means additional expenses between € 700 millions and € 1.1 millions). However, the prices of statins are likely to decrease within the next years. For an exact estimation of the cost-effectiveness-ratio of statins in primary prevention in Germany a model calculation taking into account all relevant parameters would be necessary.
Ethical aspects 5.1 Methods
Only one relevant article could be found through the literature search (see above). In the discussion considerations and conclusions of the authors will be summarised.
Results
The above mentioned article addresses the problem of the lack of implementation of medical guidelines in routine clinical praxis, as well as the ethical dilemma doctors face in the conflict between the commitment to care for the well-being of patients as best as possible and the pressure of cost saving.
Legal aspects
No relevant articles on legal aspects could be identified through the literature search. This report mainly focuses on the medical and economic assessment of the use of statins in primary prevention. Important legal aspects include questions of reimbursement or medical malpractice.
Discussion
Statins are efficacious and safe drugs for primary as well as for secondary prevention of coronary heart disease. However the potentials for the primary prevention of cardiovascular diseases shown in studies can be reached in routine praxis only if the same compliance as in randomised controlled studies is achieved. Compliance (on the part of doctors as well as patients) is an indispensable precondition for the success of primary preventive interventions. There is a lack of current studies including relevant alternatives to statin-therapy, for example cost calculations per life year gained due to drug therapy compared with measures that imply counselling/education and diet modification. Moreover the economic studies do not give sufficient basic information and data to generalise their results. For an exact estimation of the cost-effectivenessratio of statins in primary prevention in Germany a model calculation using current statin prices and taking into account all relevant parameters like valid epidemiologic and economic data would be necessary. Regarding ethical consideration three issues arise -the selection of patients (for which patient groups statin treatment should be recommended?), the decision dilemma of doctors between delivering high standard care and the pressure of cost saving and the problem of insufficient compliance (should it be accepted as inherent to the system?). Patients that have no inherited cardiovascular risk factors would not need lipid lowering drugs when realising recommended lifestyle changes. Measures that aim at lifestyle changes moreover are much less expensive than drug therapy. Therefore the question arises if statins should be referred to as "lifestyle medicine". Statin treatment in primary prevention means that patients have to be treated for several years. The question arises if it can be expected of healthy individuals to undergo such kind of long term therapy or to what extent this therapy will be accepted by the patient. Nevertheless the issue of compliance arises with regard to (long term) drug therapy as well as with regard to lifestyle changes.
Conclusion
According to current standard of knowledge the use of statins as suggested in guidelines is recommended for specific primary prevention of cardiovascular diseases. The use of statins for the primary prevention of stroke cannot be recommended at present. Also no recommendations can be made regarding statin therapy for the primary prevention of Alzheimer's disease or osteoporosis. Compliance regarding all involved actors in the health care system is one of the most important issues. A systematic approach has to be chosen to undermine excessive and inappropriate subscriptions in daily practice and optimize the use of statins. Within this context it is important, that the "right" person gets the "right" medicine. Regarding the economic perspective published cost-effectiveness-analyses show a heterogeneous picture. The broad range of different assumptions and methodological approaches as well as differences between countries make comparison difficult. For an exact estimation of the cost-effectiveness-ratio of statins in primary prevention in Germany a model calculation taking into account all relevant parameters would be necessary. From the economic point of view monitoring of current statin utilisation -with the aim of a more targeted use -should be prior to an enlargement of the number of recipients. 
Ergebnisse
Unbestritten besteht ein Zusammenhang zwischen Herzkreislauferkrankungen und Blutfettwerten. Die ausgewählten Studien belegen die effektive Verschiebung der Verhältnisse von Blutfettbestandteilen, weg vom "bösen" LDL-C hin zum "guten" High-Density-Lipoprotein (HDL) durch die Statinverabreichung. Da Statine neben ihrer LDL-C-senkenden Wirkung so genannte pleiotrope (mehrere Merkmale gleichzeitig beeinflussende) Effekte haben, muss man davon ausgehen, dass "Nebenwirkungen" auftreten, die zum Teil durchaus erwünscht sein können. Aus solchen "Nebenwirkungen" resultiert eine Verminderung des Schlaganfallrisikos, wie einige Statinstudien dokumentieren, die ursprünglich zur Erforschung therapeutischer Effekte im Zusammenhang mit Herzkreislauferkrankungen konzipiert waren. Grundsätzlich besteht auch zwischen dem Schlaganfall und dem LDL-C-Spiegel ein Zusammenhang, allerdings konnte in den bisherigen Studien nie jener Erfolg nachgewiesen werden, den Statine in der Prävention von KHK aufweisen. Da die positiven Effekte in der Vorbeugung als erwiesen gelten, ist die leitlinienkonforme Verabreichung zur spezifischen Primärprävention der Herzkreislauferkrankungen zu empfehlen. Nach dem heutigen Wissensstand sind Statine als sichere und gut verträgliche Medikamente zu betrachten, sofern bei einer etwaigen Co-Medikation auf die Verstoffwechselung der einzelnen Medikamente geachtet wird. DM Typ 2 ist ein besonderer Risikofaktor für die Entwicklung von KHK. Allgemein sollte ein DM Typ 2-Patient als Hochrisikopatient (gleich einem Patienten mit bekannter KHK) behandelt werden und Statine zur Modifikation des Blutlipidprofils einnehmen, wobei jedenfalls davon auszugehen ist, dass selbst bei Statintherapie das KHK-Risiko bei Diabetikern hoch bleibt. Die Sekundäranalysen zu anderen Studien zeigen bei den Ergebnissen zur Prävention von Osteoporose ein uneinheitliches Bild. Die Empfehlung, Statine in der Primärprävention von Osteoporose einzusetzen, ist nicht möglich. Beobachtungen großer Patientenpopulationen, die mit Statinen behandelt eine geringere Demenzinzidenz aufwiesen sowie die Erkenntnis, dass Demenz mit dem Fettstoffwechsel zusammenhängt, führten zu dem Schluss, Statine erfolgreich in der Demenzprävention einsetzen zu können. Ein direkter Beweis der Wirkung von Statinen auf den Krankheitsverlauf der Demenz ist bisher allerdings nicht gelungen.
Ökonomische Bewertung
Die wichtigsten Ergebnisparameter von Kostenwirksamkeitsanalysen werden vergleichend gegenübergestellt. Das sind die Kosten pro gewonnenes Lebensjahr bzw. Life-year-gained (LYG), wobei es sich beim Begriff "gewonnene Lebensjahre" um jene Anzahl an Jahren handelt, die die Behandlungs-im Vergleich zur Kontrollgruppe (Placebo) im Durchschnitt länger lebt. Der Parameter Kosten pro qualitätsbereinigtes Lebensjahr bzw. Quality Adjusted Life Year (QALY) berücksichtigt auch die Qualität der hinzugewonnenen Lebensjahre. 
Methodik
